During the last years the Fast Fourier Transforms (FFT) technique was applied by many researchers for the calculation of the deformations in contact problems. The use of conventional convolution algorithms however led to the inclusion of a periodicity error that proved hard to correct. The correction procedures that had been suggested so far, involved the extension of the calculation grid and thus negated any time gains that the FFT would provide. In order to overcome the lack of accuracy of the current FFT methods, a new method for the calculation of deformations for line contacts was developed. In the framework of this method the so-called periodicity error has been identified as a discretization error in the Fourier space.
INTRODUCTION
In recent years the use of FFT has received a lot of attention in the area of contact modeling, since it presents itself as an interesting alternative to Multilevel Multi-Integration (MLMI) for the calculation of the contact deformations. Furthermore, it is more or less the only option in the case of layered solids whose kernels are available only in the Fourier domain (O' Sullivan/King 1988).
On the other hand the implementation of FFT has proven problematic since it had been found out that an adequate accuracy could only be achieved by a multiple expansion of the grid (Nogi/Kato 1997) which could negate any computation gain coming from it in turn. For cases when the influence kernel can easily be computed, Polonsky/Keer (2000) proposed a correction method using MLMI for the determination of the correction term, thus creating a hybrid calculation with an overall cost equal to that of MLMI. In these cases also the DC-FFT method of (Liu/Wang 2002) gives similar efficiencies.
All the aforementioned efforts aimed in reducing the socalled periodicity error that arises from the nature of FFT itself. Here this periodicity error is treated as a discretization error in the Fourier domain, which leads to a new correction algorithm for computing the influence matrix from the frequency response kernel and more generally to a new use of FFT for the calculation of surface deformations in line contacts.
THEORY
As already known, the Fourier transform of the deformation integral w = k*p can be calculated by multiplying the Fourier transforms of the kernel k and the pressure p. The grid-size ∆ξ used for the discrete convolution calculation in the Fourier domain must be constant satisfying the Nyquist condition ∆x ∆ξ = 2π/N causing most of the above mentioned difficulties. Since the DC-algorithm completely avoids aliasing, the so-called periodicity error mainly is reduced to the discretization error. That is why some authors have tried to use Gaussian integration. Note, however that the singularities of the frequency response function spoils the better accuracy. 
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In order to determine the deformation integral w on a grid having N=2 m equidistant points, the L 2 error norm of the Fourier transforms must be minimized. This leads to a linear system of equations M w = F with the tridiagonal matrix M associated with linear ansatz functions h and the deformation vector w. Thus M realizes the Best-Approximation.
The above right hand side vector F has the following components (^ marks the Fourier transform of a function):
The inner integral of eq. (1) is calculated by the formula of Euler-MacLaurin (EML) using 2 r N points taking into account the singularity at ξ=0. As inside the integral the difference k-j is constant, the EML sum can be calculated by FFT yielding a vector of length 2 r N, from which we only need the 2N values in the middle. As seen from eq. (1), these integration results enter into the outer sum, which is a discrete convolution and can be calculated again by FFT and IFFT according to the (discrete) convolution theorem. Now solving the linear system yields the values of the deformation integral in 2N points. The N points we are looking for are again in the middle.
The overall calculation cost is determined by eq.
(1) and is equal to O(2 r N log(N)) when the calculation of the inner Fourier integral in eq. (1) is also taken into consideration. However, since this must be carried out only once at the beginning, the costs of subsequent iterations (FFT) are O (N log(N) ). Moreover r can be chosen small because of high convergence order in ∆ξ.
RESULTS AND DISCUSSION
The aforementioned algorithm has been used in order to calculate the following example found in (Venner 1991 
The errors presented in Table 1 have been defined as In Table 1 the 6 th order convergence in r and the 2 nd order convergence in m can easily be seen. For r=1 one can see the behavior that was reported in the literature, i.e. the constant error, which is independent from spatial discretization although it should be noted that this result does not directly correspond the DC-FFT results. The best compromise between speed and accuracy is displayed with bold. The required r-values remain very small even for large m. Thus the computational cost is kept comparable to MLMI. The superiority of the method compared to the direct summation (DS) is not only limited to the speed but it also extends to the achieved accuracy. Errors of an order of magnitude smaller than using DS can easily be achieved without significant time loss.
The latter can also be seen in Figure 1 where the local error for the case m=10 (N=1024) is presented. It is evident that the proposed method can suppress the error in the entire area.
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